Unplanned postoperative admission to the intensive care unit following a procedure in which an anaesthetic has been administered has been considered to be a clinical indicator of the quality of anaesthesia care. However some indicators of the quality of anaesthesia care have been found to reflect a number of aspects of care and of patient illness, and not necessarily the quality of the anaesthesia care itself. Hence the original set of indicators suggested by the Joint Commission on Accreditation of Healthcare Organisations 1 (Table 1 ) removed from its list three indicators that appeared less reliable as indicators of quality; numbers 5, 7 and 8. Included in these three was unplanned postoperative admission to the intensive care unit (ICU), defined as an unplanned admission to ICU within two days of a procedure involving an anaesthetic. The remaining five indicators are all sentinel event indicators.
The Australian Council of Healthcare Accreditation 2 has retained unplanned admission to intensive care as a reportable indicator. To date, the data on this have not been publicized, nor the rationale for this decision.
We set out to quantify the proportion of unplanned ICU admissions due to anaesthetic factors. This was calculated by evaluating the cause for each unplanned admission to ICU from the operating theatre or the ward in postoperative patients, and dividing those admissions thought to be attributable to anaesthetic SUMMARy As a clinical indicator, unplanned admission to the Intensive Care Unit from the operating room has been thought to reflect the quality of anaesthesia care intraoperatively. To explore this concept, we examined all such admissions at three hospitals over a three-month period. Cases were classified according to the Victorian Consultative Council on Anaesthetic Mortality and Morbidity (VCCAMM) classification system and an assessment was made as to whether the admission was inevitable or not. Demographic data were collected as well as co-morbidities, severity of illness, length of stay, discharge functional status and destination.
There were 165 admissions identified: 55.8% were male, the median age was 63.5 years (range 15-90). There were 24 in-hospital deaths: 151 patients suffered serious morbidity or mortality. In 32 patients (19.4%), the morbidity or mortality was considered at least partially anaesthetic-related, and in 20 (12.1%), under the control of the anaesthetist. There were 28 admissions (17.0%) with a further 9 anaesthetic-related admissions (5.5%) which were considered potentially avoidable. Avoidable anaesthetic-related admissions were due to drug overdosage (5 cases), drug error (1 case), problems relating to preoperative assessment (1 case), aspiration (1 case) and pulmonary oedema (1 case).
These findings suggest that unplanned admission to the Intensive Care Unit from the operating room is not a satisfactory indicator of quality of care by the anaesthesia team. This indicator appears to represent mainly the surgical and medical conditions of the patients, and their complications. Only one in twenty unplanned admissions in this series were potentially avoidable due to complications of the anaesthetic or the postoperative analgesia.
factors by the total number of unplanned postoperative ICU admissions. We defined "quality of anaes thesia care" as the percentage of unplanned ICU admissions due to anaesthesia factors. Postoperative analgesia was included as an anaesthetic issue, as the order for postoperative analgesia is usually completed by the anaesthetist.
METHODS
Unplanned patient admissions to the intensive care units were assessed at three Victorian hospitals over a three-month period, from February 2004 until May 2004. The hospitals admitted patients with different conditions, according to the type of surgical care offered at that institution. Hospital I, for example, offers tertiary referral care including neurosurgery and cardiac surgery, but not trauma, whereas Hospital III offers general postoperative ICU care, but not the aforementioned subspecialities. In all hospitals, High Dependency Unit beds were incorporated into the ICU.
An unplanned ICU admission was defined as an admission to ICU that was not planned more than twenty-four hours in advance. Unplanned admissions to the ICUs were identified at admission, or post event, via an admissions book completed by the desk clerk and checked by one of the principal investigators against the patient's medical record. Patients were followed until hospital discharge. Data collection involved identifying patient preoperative comorbidities, the type of procedure and anaesthetic and determining intraoperative complications (excessive blood loss, acidosis, hypotension, hypertension, airway problem, line-related complication, cardiac ischaemia). Followup data throughout the patient's stay in ICU and on the wards were also collected, such as ICU management and complications, and ward analgesic management and complications. Severity of illness scores for ICU (APACHE II) and discharge functional status scores (Eastern Cooperative Oncology Group scores) were also collected, along with length of hospital stay and discharge destination.
Unplanned admissions were then categorized according to the Victorian Consultative Council on Anaesthetic Mortality and Morbidity (VCCAMM) classification system 3 , which grades anaesthetic morbidity and mortality according to the causation and the degree of certainty of anaesthetic causation. The classifications were performed at a group meeting by the three primary investigators in the study, with agreement for classification reached by consensus opinion.
In the later analysis, the patients who subsequently died were compared to those who survived, comparing such factors as the nature of surgery (emergency vs elective), severity of illness (APACHE II score), underlying comorbidity and anaesthetic complications. Factors predictive of mortality were analysed statistically using a statistical package (Stata Version 8, Stata Corp, College Station, TX). Results Table 1 1 Anaesthesia clinical indicators (circa 1989) 1. Perioperative CNS complication: CNS complication developing during or diagnosed within two days of a procedure involving the administration of an anaesthetic.
2. Perioperative Peripheral Neurological Deficit: Peripheral neurological deficit developing during or diagnosed within 2 days of a procedure involving an anaesthetic.
3. Perioperative Acute Myocardial Infarction: Acute myocardial infarction developing during or diagnosed within 2 days of a procedure involving the administration of an anaesthetic.
4.
Perioperative Unintentional Cardiac Arrest: Cardiac arrest occurring during or diagnosed within 2 days of a procedure involving the administration of an anaesthetic, excluding a cardiac arrest that is an intentional part of the operative procedure.
5.
Perioperative Unintentional Respiratory Arrest: Respiratory arrest occurring during or diagnosed within 2 days of a procedure involving the administration of an anaesthetic, excluding respiratory arrest that is an intentional part of an anaesthetic.
6. Perioperative Death: Death occurring during or within 2 days of a procedure involving the administration of an anaesthetic.
Unplanned Postanaesthesia Hospital Admission:
Unplanned admission of a patient to the hospital on the day of an outpatient procedure involving the adminstration of an anaesthetic.
Unplanned Postoperative Intensive Care Admission:
Unplanned admission to an ICU within 2 days of a procedure involving the administration of an anaesthetic. Although it was not the primary purpose of this study to develop a statistical model for predicting outcome, the dataset provided an opportunity to assess variables associated with the outcome 'avoidability of admission to ICU'. The association was expressed as an odds ratio, which was derived using the statistical technique of logistic regression for each individual variable to predict 'avoidability' (univariate analysis) 4 . These odds ratios were then adjusted for the other variables found to be significant on univariate analysis (i.e. 95% confidence interval not including 1), i.e. multivariate analysis. Both the non-adjusted and adjusted odds ratios are included for completeness. Statistical significance was set at P<0.05.
RESULTS
Over a three-month period, 165 unplanned ICU admissions were identified, of whom 55.8% of admissions were men. The median age of the patients was 63.5 years (range 15 to 90). There were 34 patients aged over 80 years (20.6%). Patient comorbidities are listed in Table 3 .
The admitting surgical units are listed in Table 4 , with a majority of patients having general surgery, followed by neurosurgery, cardiac, hepatobiliary and vascular.
Of the 165 unplanned admissions, 145 patients suffered morbidity prior to ICU, with a total of 151 patients suffering morbidity in hospital, including 24 in-hospital deaths. The types of complications necessitating ICU admission are listed according to groups on Table 5 . These groups were assigned by the assessors, using the VCCAMM keywords, describing the particular complication for ICU admission e.g. the respiratory category included pneumonia, aspiration, respiratory depression and airway obstruction. Table 6 describes the intraoperative anaesthetic management and the postoperative ICU management of the patients. Of note, the majority of patients had a relaxant general anaesthesia (80%), and a significant number of patients did not require any specific therapy in ICU apart from close monitoring and fluid management (41%). Table 7 demonstrates the intraoperative complications that occurred. Hypotension, blood loss and acidosis feature most prominently.
Multivariate analysis adjusts the predictive model for those factors found to be predictive on univariate analysis (in this case elective surgery and anaesthetic factor). Hence, after adjustment for the effect of anaesthetic factor, elective surgery remains predictive of avoidability; however, after adjustment for elective surgery, anaesthetic factor is not predictive for this variable.
Figures 13 and Table 10 summarize the findings of this study. The upper part of Figure 1 demonstrates that the majority (70.9%) of unplanned ICU admissions occurred following emergency surgery. The majority of these involved inevitable admissions based on the nature of the patients' underlying medical condition and unrelated to any quality of care issues perioperatively. The lower half of Figure 1 summarizes the anaesthetic-related data, rather than the data as a whole. For emergency cases, 3.4% of anaesthetic-related admissions were thought to be potentially avoidable, and for elective cases, 10.4% of admissions were potentially avoidable. Anaesthetic factors were more commonly associated with unplanned admissions following elective surgery than emergency surgery (33.3% vs 13.7%). The anaesthetic factors themselves were more commonly avoidable in the elective group as compared to the emergency group (10.4% elective vs 3.4% in emergency).
The potentially avoidable anaesthetic-related admissions were caused by drug overdosage (5 cases, 
DISCUSSION
The question of anaesthetic contribution to morbidity and mortality has been addressed by numerous previous studies. Studies vary in design, from case series such as the ASA Closed Claims Project 5 and the Confidential Enquiries into peri operative deaths in the U.k. 6 , to retrospective population based studies using pre-determined outcome measures, such as perioperative mortality 7 , to prospective studies of anaesthetic outcome 8 , using statistical analysis for associations between anaesthetic factors and adverse events. Defining the inci dence of anaesthetic-related morbidity and mortality has been difficult, due to the need to interpret clinical information to assign anaesthetic causation for a clinical event. Some studies have used a panel of independent clinicians 9 providing an opinion as to the anaesthetic contribution to a perioperative event. Other studies have used predefined events, such as anaesthetist intervention in the recovery room 10 for a particular problem, e.g. "cardiovascular problem" or "respiratory distress" to define the in cidence of anaesthetic complications. These may then be analysed to determine areas for improvement, and associations between clinical indicators and later complications (e.g. decreased level on consciousness and respiratory complications). However the question remains as to which indicators best reflect possible deficiencies in anaesthesia care and how to best identify remediable problems.
This study identified a heterogeneous population of surgical patients identified by having required an unplanned admission to intensive care unit. The patients' original procedures may have required intensive care as part of the postoperative treatment of the patient, e.g. ventilation for neurological dysfunction after subarachnoid haemorrhage. However, there was an identifiable subgroup of patients in whom the admission to intensive care was related to factors attributable to the anaesthetic itself, rather than the surgery or the medical condition of the patient. In these patients, we sought to identify possibly preventable issues that had they been appreciated before the event, the admission to ICU may have been prevented. It remains speculative as to whether the event could have been prevented given a different therapeutic strategy. This study therefore provides a baseline incidence of anaesthetic complications and identifies common themes (e.g. postoperative pain management in patients with co-morbid conditions). These might then be used for education and improvement in safety.
One criticism of this study is that it relies on the opinion of the assessors for determining what factors caused the ICU admission and the relative contribution of anaesthetic factors to that admission. The reliance upon the opinion of the assessors may be open to bias, based on their clinical backgrounds, and may be limited by their experience in dealing with similar cases to determine whether an admission may have been preventable. Inter-observer variability has been used in some studies to minimize this, with each assessor categorizing cases independently and then assessing their degree of agreement. This was not used as consensus opinion provides a simpler model and the VCCAMM model also allows for situations in which consensus cannot be reached.
Unplanned ICU admissions may be the result of direct drug overdose or human error (e.g. opioidrelated respiratory depression). However for the majority of cases, the cause of the ICU admission was not clearly related to drug overdose or human error. The interaction of patient co-morbidities (e.g. obesity) with a particular anaesthetic technique (e.g. spinal morphine), may result in an unplanned ICU admission which may be classified as possibly preventable, however it is not clear than an alternative anaesthetic technique would result in a better outcome.
There were also institutional-based differences in ICU bed planning postoperatively. It is difficult to separate this factor, because the caseload of the individual hospitals was not assessed and the hospitals were managing different types of surgical cases, depending on referral patterns and services offered.
Patients requiring an unplanned ICU admission postoperatively are clearly a high-risk patient population, given the surprisingly high in-hospital mortality (14.5%). For the majority of these, anaesthetic factors did not play a role in the admission, and the admission was unrelated to quality of care factors. However, in some cases, anaesthetic factors did play a part in overall patient morbidity. Perhaps a better understanding of these patients' responses to an anaesthetic or postoperative analgesia may allow better planning of perioperative care, and possibly prevention of morbidity.
As there were 36 potentially avoidable admissions to ICU based on consensus opinion, the data set was used to develop a statistical model for predicting an 'avoidable' admission. Using a model derived from logistic regression analysis of the data, it was found that elective surgery and anaesthetic factor (VCCAMM category 1, 2 or 3) were predictive of an avoidable admission. However after adjustment for the other variable, elective surgery was found to be the only significant variable. Whilst these data are preliminary and would require validation in another data set, this means that an unplanned admission following elective surgery is four times more likely to have an avoidable cause than one following emergency surgery. This suggests that there are unrecognised factors in the elective surgery group of patients that lead to an unplanned ICU admission, which may be both surgical and anaesthetic in origin. Interestingly, patient comorbidity was not predictive for an avoidable unplanned ICU admission.
It was not possible to analyse the data for factors predictive of mortality, as there were only two deaths out of the 32 anaesthetic related admissions, which is too small to draw any meaningful conclusions.
Is unplanned admission to ICU a valid indicator of quality of anaesthesia care perioperatively? We found that only 19.3% of unplanned admission contained an anaesthetic contribution to the admission (when classified according to the VCCAMM system). For the majority of these, the admission to ICU was inevitable, based on the medical condition of the patient, but within this group 5.4% of cases had anaesthetic factors contributing to the admission, which were deemed to be possibly preventable by the assessors. When the status of the surgery is considered (emergency or elective), unplanned ICU admissions for anaesthetic reasons occur more commonly in the elective group (33.3% vs 13.7%) and these admissions are more likely to have a potentially preventable cause (10.4% vs 3.4%). This may reflect the fact that unplanned admissions to ICU following emergency surgery occur for reasons other than anaesthetic e.g. patient comorbidity, specific ICU treatment required, emergency nature of surgery and surgical factors. It may also reflect the fact that many more patients are being counted in the emergency group who require ICU treatment (e.g. ventilation), but who have not necessarily suffered an anaesthetic complication, hence reducing the representation of anaestheticrelated admissions.
Unplanned admission to ICU could contain a high representation of anaesthetic factors partly as an epiphenomenon. If the cause for admission is sought and there are abnormalities on the anaesthetic chart (which may be attributable to anaesthetic care), one cannot exclude anaesthetic factors as playing some role. It is not known for example, what role anaesthetic factors may play in the morbidity of elective, planned admissions to ICU. The relative contribution of the anaesthetic to morbidity is also difficult to determine, because in most cases the reason for the ICU admission is multifactorial. Anaesthetic management was found to have a role in only a minority of cases (19.4%) and a prominent role in only 12.1% (i.e. in the majority of cases there was no role). Unplanned ICU admission therefore is a raw marker that needs to be interpreted at a departmental/institutional level before any conclusion about anaesthetic quality can be made. In certain subgroups, such as elective surgical patients, unplanned ICU admission appears to be a better marker of quality of anaesthesia care, being more commonly associated with anaesthesia with a potentially preventable cause for admission.
CONCLUSION
Unplanned ICU admission is not a good clinical indicator of quality of anaesthesia care perioperatively. It may be used to identify cases that, with interpretation, may demonstrate patient characteristics and aspects of care that result in morbidity. In 19.4% of unplanned admissions to three Victorian intensive care units, anaesthetic factors were considered to have played some part. In a subgroup of this, 5.4% overall, unplanned ICU admissions anaesthetic factors contributing to admission were potentially avoidable. The majority of these were drug errors and occurred more commonly in elective surgical patients.
